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The Phonological Representations of Turkish Fricatives: 









徴づけることである。最適性理論(McCarthy and Prince 1995)のフレームを採用し、トルコ語
摩擦音を[voice]ならびに[spread glottis]の弁別を用い特徴づけることを目指す。また、トル
コ語の例を用いて、coda devoicing プロセスについても考察する。 
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1. Introduction 
 In previous phonological literature, a considerable amount of work has been dedicated to 
the typology of laryngeal contrast of stops; such work includes Iverson and Salmons (1995), Jessen 
and Ringen (2002), Kallestinova (2004), and Petrova et al. (2006). However, not much attention has 
been paid to the laryngeal contrast of fricatives, and both cross-linguistic and language-specific 
examinations still need to be conducted to investigate possible laryngeal contrast of fricatives. 
 The main purpose of this article is to phonologically characterize Turkish fricatives with 
relevant features for laryngeal contrast, assuming the Optimality Theoretic (Prince and Smolensky 
1993, McCarthy and Prince) (henceforth OT) framework. I demonstrate that the interaction of the 
relevant laryngeal constraints successfully predicts attested fricative behaviors in Turkish. In 
addition to laying out formal OT analyses, I also suggest, based upon the results of two acoustic 
studies of Turkish fricatives (conducted in 2005 and in 2007), that fricatives exhibit two(2)-way 
laryngeal contrast in Turkish. 
The organization of this paper is as follows; in Section 2, results of the acoustic analyses of 
the Turkish data (collected in spring 2005 and in spring 2007) are presented to discuss the 
implications for the phonological analyses of the data. Section 3 presents the OT analyses of the 
Turkish data, and in Section 4, general discussion and residual issues are discussed along with the 
summary of the data and the analyses. 
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2. Turkish Data 
 In this section, I present the Turkish data relevant to making claims about the laryngeal 
configurations of fricatives. In order to determine the appropriate laryngeal specifications of 
fricatives, different behaviors of fricatives in three different positions are examined: i) intervocalic, 
ii) before another fricative, and iii) word-final. In Section, 2.1, I present the results of the acoustic 
analyses of fricatives in intervocalic positions and in a sequence of two fricatives. In Section 2.2, I 
summarize the discussion presented in Sasa (2007 and 2014a) with regard to the voicing contrast of 
word-final fricatives in Turkish. 
 In order to collect the Turkish data analyzed and presented in this article, two recording 
sessions were held; the first session was held in spring 2005 at the University of Iowa (Iowa City, 
Iowa, U.S.A.) with three (3) native Turkish speakers.; the participants of the first recording session 
were all graduate international students at the University of Iowa. The second session was 
conducted in Stuttgart, Germany in spring 2007 with twelve (12) native speakers of Turkish. 
Speaker information of the second recording session is presented in Table 1: 
 
Table 1: Speaker Information of the 2007 Recording 
Speaker Gender Age Birth Place Length of Stay in Germany (in years) 
1 Male 23 Samsun 1.5 
2 Male 28 Izmir 8 
3 Female 20 Ismir 1 
4 Female 26 Adana / Türdiye 4 
5 Female 27 Istanbul 3.5 
6 Female 33 Malatya 3 
7 Male 32 Ankara 9 
9 Male 23 Izmir 3 
10 Male 21 Ankara 1.5 
11 Male 21 Ankara 1.5 
12 Female 33 Trabzon 4 
(Speaker #8 (female speaker) was omitted from measurements because of problems with the quality 
of recording.) 
The mean age of the 2007 participants is 23.9, and the mean length of the stay in Germany is 3.3 
years. Results of this recoding session are discussed in Section 2.2.. 
 
2.1. Behavior of Fricatives 1: Intervocalic and ‘Before Another Fricative’ 
 In Section 2.1, I examine the behavior of fricatives in intervocalic positions and before 
another fricative. These positions are of particular interest in that first, if an underlying voiceless 
fricative surfaces as voiced in intervocalic positions, it is necessary to assume a mechanism that 
allows voiceless fricatives to voice in this position. If, on the other hand, a voiceless fricative 
remains voiceless, we have to establish a phonological system in which underlying voiceless 
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fricatives are prohibited from surfacing as voiced. 
 Another crucial position, in laying out a phonological analysis, is before another fricative, 
or a position in which voice assimilation can occur; it is well known that Turkish obstruents, both 
stops and fricatives, undergo the process of voice assimilation, and adjacent obstrunents agree in 
voicing. Thus, in order to construct a comprehensive analysis concerning fricatives, it is crucial to 
establish a system that sufficiently (but only necessarily) predicts all of the attested voice 
assimilation patterns in Turkish. 
 The spectrogram presented under (1) shows the acoustic analysis of a voiceless fricative 
between two vowels, or in an intervocalic position. The data presented in (1) was obtained in the 
first recording session conducted in spring 2005: 
 
(1) Spectrogram of /pasɨ/ ‘rust-accusative’ 
 
        ←  /s/  → 
In (1), I indicated the fricative portion (in this case, a voiceless alveolar fricative /s/); in identifying 
the fricative portion, I took the ending of the second formant (F2) of the preceding vowel as the 
beginning of a fricative. Likewise, for the end of the fricative, I take the beginning of the F2 of the 
following vowel. 
 As seen in the spectrogram, there is no sign of voicing observed in the fricative portion; 
no periodic wave forms are observed, and there is no ‘voicing bar’ observed at the bottom of the 
spectrogram. This result suggests that in Turkish, fricatives do not undergo the process of phonetic 
passive voicing intervocalically; in other words, fricatives do not assimilate to the surrounding 
vowels in voicing, and underlying voiceless fricatives remain voiceless even when they are 
surrounded by two vowels. This suggests, for laying out a phonological analysis, that it is necessary 
to assume some mechanism to prohibit passive voicing from occurring in intervocalic voiceless 
fricatives. 
 The spectrogram presented under (2) shows another analysis of a fricative in a different 
position; in (2), the voicing of two adjacent fricatives is measured. The data presented and analyzed 
in (2) was obtained in the second recording session conducted in spring 2007. 
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 In (2), there are two fricatives next to each other. Underlyingly, these two fricatives differ 
in voicing (the first fricative is underlyingly voiced and the following one is underlyingly voiceless), 
but as seen in (2), there is no sign of voicing observed; no periodic wave forms are observed, and no 
voicing bar is observed at the bottom of the spectrogram for the fricative portion. This result shows 
that two adjacent fricatives agree in voicing, and in a sequence of two fricatives, both of the 
fricatives surface as voiceless; in other words, an underlying voiced fricative devoices when 
followed by another fricative that is voiceless. 
 
(2) Spectrogram of /deniz-siz/ ‘ocean-without’ 
 
          ←/z-s/→  
 To summarize, in Turkish, no passive voicing is observed when a voiceless fricative is 
surrounded by two vowels; as seen in (1), no voicing is observed in an intervocalic fricative, and 
this suggests that voiceless fricatives do not assimilate to surrounding vowels in voicing. When 
followed by a voiceless fricative, on the other hand, an underlying voiced fricative does not surface 
faithfully; as seen in (2), an underlying voiced fricative devoices when followed by another fricative 
that is voiceless. This suggests, in constructing phonological analyses of the data, that it is necessary 
to establish a grammar that allows a voiced fricative assimilates to a voiceless fricative while 
stopping a voiceless fricative from assimilating to surround vowels in voicing. 
 
2.2. Word-Final Fricatives: Sasa (2007, 2014a) 
 Thus far, the phonetic behaviors of fricatives in two positions have been examined. In 
order to obtain a more comprehensive picture, these two positions are not sufficient, and I suggest 
that it is necessary to consider one more position, namely, the word-final position. 
 Sasa (2007, 2014a) presents the results of the acoustic study of Turkish word-final 
fricatives, and suggests that Turkish fricatives maintain underlying voicing contrast word-finally. (3) 
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(3) Tested Word for the 2007 Recording Session 
i) minimal pair: sis ‘you-plural, formal’ siz ‘fog’ 
ii) shorter words: pis ‘dirty’   tuz ‘salt’ 
iii) longer words: potates ‘potato’  denizsiz ‘without a sea’ (deniz ‘sea,  
ocean’ + siz ‘without’) 
 
Table 2 presented below summarizes the results of his analysis and measurements. The results 
presented in Table 2 are based on the data collected in the second recording session in spring 2007; 
in the table, the mean voicing percentage and duration of all the speakers are presented. 
Table 2: Voicing and Duration of /s/ and /z/ (adapted from Sasa (2014a)) 
 Voicing (percentage) Duration (milliseconds) 
 /s/ /z/ /s/ /z/ 
Overall 9.91 22.4 219.01 174.83 




Monosyllabic 9.15 27.19 227.18 176.78 




Longer words 10.51 19.84 195.23 175.76 
 Difference: Significant 
(t(10)=2.822, p=.018) 
Difference: NOT significant 
(t(10)=1.990, p=.075) 
-  The measurements are percent (%) for voicing and milliseconds for duration. 
-  p<.05 is taken as significant difference in the analysis. 
 
(4) presents the spectrogram of /tuz /(salt): 
 
(4) Spectrogram of /tuz/ (Speaker 2) 
             ←   /z/    →
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In (4), the voicing bar can be observed at the bottom of the spectrogram. Voicing is not maintained 
to the end of the fricative; in other words, in (4), vocal fold vibration, one of the major indicators of 
voicing, stops around the middle of the whole fricative duration. This leads us to the questions, “Is 
underlying voicing contrast maintained word-finally, or is it neutralized?” or “Even if vocal fold 
vibration fails to signal voicing, can we still observe any significant cue to voicing?” 
 In order to determine i) whether voicing contrast of fricatives is maintained word-finally, 
and ii) which phonetic cue signals voicing in word-final fricatives in Turkish (if voicing contrast is 
maintained at all), Sasa (2007, 2014a) measures i) the percentage of voicing to the duration of a 
segment, and ii) the duration of a fricative. These two factors are compared using a t-test and a 
p-test to see if there is any significant difference between voiced and voiceless fricatives. 
 As seen in the table, underlying voicing contrast of fricatives is maintained word-finally 
by at least one phonetic cue; in mono-syllabic words, both voicing and segment duration serve as a 
phonetic cue to voicing; the percentage of voicing is significantly different between voiced and 
voiceless fricatives, and segment duration is also significantly different; the duration of a voiceless 
fricative is significantly longer than the duration of a voiced fricative. 
 In longer words, result shows that segment duration fails to signal voicing contrast (that is, 
there is no significant difference in segment duration between voiced and voiceless fricatives). Still, 
vocal fold vibration plays a role as a phonetic cue to voicing, for the percentage of voicing is 
significantly different between voiced and voiceless fricatives. 
 To summarize, in Turkish, the voicing contrast of fricatives is not neutralized 
word-finally; as seen in the table, regardless of the length of the word, voicing (or vocal fold 
vibration) plays an active role in maintaining voicing contrast for word-final fricatives. This further 
suggests, in terms of phonology, that it is necessary to construct a system in which the contrast with 
regard to the feature [voice] needs to be maintained word-finally as well as intervocalically. 
 
2.3. Summary and Proposal 
 Thus far, I have presented the results of phonetic analyses of the Turkish data. Now, the 
question to address here is, “how should we construct phonological analyses of the Turkish data, 
based upon the phonetic facts presented thus far?” Or, more specifically, one might wonder how 
voiced and voiceless fricatives in Turkish should be categorized using features. 
 To answer these questions, I propose a two-way laryngeal contrast system for Turkish as 
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(5) Summary: Fricative Contrast in Turkish 
             Fricatives 
 
 
Voicing         Voiceless   Voiced 
   [ø voice]    [voice] 
 
State of Glottis  [spread glottis]   [ø spread glottis] 
 
Surface    [s[s.g.]]    [z[voice]] 
 
 As discussed in Section 2.2, Turkish fricatives maintain underlying voicing contrast 
word-finally. This fact suggests that there are two series of fricatives, [voice] fricatives and 
fricatives with no [voice] specification. 
 I also suggest, based on the results presented in (1), that voiceless fricatives, or fricatives 
without [voice] feature, need to be specified as [spread glottis] (abbreviated as [s.g.]); as observed in 
(1), no passive voicing of intervocalic fricatives is observed in Turkish, and it is necessary to 
establish a system in which voicing of underlying voiceless fricatives is prohibited. 
In this article, I assume that the features [voice] and [spread glottis] to be privative; having 
dealt with the Turkish data thus far, I have not yet encountered any cases in which binary [voice] 
and [spread glottis] are required. However, nothing hinges on this assumption, and the discussion of 
whether, for example, the feature [voice] should be privative or binary is beyond the scope of this 
article. 
 Beckman et al. (2009) point out, in their analysis of German fricatives, that there are two 
series of fricatives in German: one series that resists changes in voicing, and the second series of 
fricatives that variably voices intervocalic positions. Beckman et al. suggest that the fricatives of the 
first series are specified as [s.g.] while those in the second series lack the feature [s.g.]. Those 
fricatives without the feature [s.g.], then, may variably surface as voiced through phonetic passive 
voicing between two vowels.  
 Following the suggestions by Beckman et al. (2009), I propose that voiceless fricatives in 
Turkish are all specified as [s.g.]; what this suggests is that since no passive voicing of fricatives is 
observed in Turkish, it is necessary to guarantee that fricatives be specified as [s.g.], or unlike in 
German, it is necessary to ‘filter out’ any voiceless fricatives without the [s.g.] feature in order to 
guarantee that passive voicing of fricatives should not be observed intervocalically in Turkish. 
 
3. OT Analysis 
 In the previous section, I proposed that Turkish fricatives exhibit a two-way laryngeal 
contrast; voiced fricatives are specified as [voice], and voiceless fricatives are specified as [s.g.]. In 
this section, I demonstrate constraint interaction of the relevant laryngeal constraints successfully 
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predicts the attested Turkish patterns and selects the form with correct laryngeal configuration. 
 This section is divided into three subsections; in Section 3.1, I present an OT analysis of 
the final fricative case and the intervocalic fricative case. Section 3.2. presents a summary of the 
discussion in Section 3.1, and in Section 3.2, I compare two different approaches to dealing with the 
case of two adjacent fricatives; I present an analysis with voice assimilation and one with active 
coda devoicing to determine which of these two different approaches better captures attested 
fricative behaviors in Turkish. 
 
3.1. The Phonological Status of Turkish Fricatives 
 In laying out an OT analysis of the data, I assume the following constraints, presented in 
(6) through (9), to be active in the grammar: 
 
(6) IDENT [VOICE] (McCarthy and Prince 1995) 
 An input segment and its output correspondent have the same specification for [voice]. 
(7) IDENT [S.G.] (McCarthy and Prince 1995) 
An input segment and its output correspondent have the same specification for [spread 
glottis] ([s.g.]). 
The constraints presented in (6) and (7) are faithfulness constraints that militate against the change 
between an input segment and an output segment; (6) is violated when the underlying [voice] 
feature of an input segment is not maintained in its output correspondent, or an output segment is 
specified as [voice] when its input correspondent is not specified as [voice]. Likewise, (7) is 
violated when input and output correspondents are not identical in the [s.g.] feature. 
 (8) and (9) are markedness constraints that prohibit certain output configurations: 
 
(8) *VOI/S.G. (Davis and Cho 2003, Beckman et al. 2009) 
 Voiced spread glottis segments are prohibited. 
(9) FRIC-[S.G.] (Vaux 1998, Beckman et al. 2009) 
 Fricatives are [spread glottis]. 
 
(8) is violated when a candidate contains a segment that is simultaneously specified as [voice, s.g.]. 
(9) is incurred when a fricative, both voiced and voiceless, is not specified as [s.g.].  
The analysis presented in (10) shows the interaction of the constraints introduced thus far: 
 
(10) Word-Final Voiced Fricative 
/tuz[voi]/ *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) tuz[voi]   *  
b) tus[s.g.]  *!  * 
c) tus  *! *  
d)tuz[voi, s.g.] *!   * 
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In (10), the case of word-final fricatives is analyzed; candidate (10d) is excluded from the 
competition because of the high-ranked markedness constraint. *VOI/S.G.; the word-final fricative 
in this candidate is specified as [voi] and [s.g.] simultaneously. Candidates (10b) and (10c) lose 
because of the faithfulness constraint for voicing specification; in the input, the final fricative is 
specified as [voice], but in these candidates, the [voice] specification of the input segment is not 
faithfully maintained in the output. As a result, (10a), a candidate with a word-final [voice] fricative 
(but lacking the feature [s.g.]) is selected as optimal. (10) shows that both *VOI/S.G and  IDENT 
[VOI] need to dominate FRIC-[S.G.]. 
(11) shows the analysis of a case of intervocalic fricative. In (11), the fricative in the input 
is specified as [s.g.]: 
 
(11) Intervocalic Voiceless Fricative I 
/pas[s.g.]ɨ / *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) pas[s.g.]ɨ     
b) pasɨ   *! * 
c) paz[voi]ɨ  *!  * 
d) paz[voi, s.g.]ɨ *(!) *(!)   
 
(11) shows that the established ranking, *VOI/S.G, IDENT [VOI] >> FRIC-[S.G.] correctly predicts the 
attested form; candidate (11d) is ruled out either by the markedness constraint against a [voice, s.g.] 
segment or by the faithfulness constraint for voicing. (11c) is also excluded by the faithfulness 
constraint for voicing. 
 The remaining candidates are (11a) and (11b), and the difference between these two 
candidates is that the voiceless fricative in (11a) is specified as [s.g.], while the voiceless fricative in 
(11b) lacks this feature. As discussed, unlike in German, it is not necessary to assume a series of 
fricatives that undergo phonetic passive voicing (and thus, lack the feature [s.g.]) in Turkish. Thus, 
in (11), the role of the markedness constraint FRIC-[S.G.] is crucial in excluding a candidate with an 
unattested fricative; as seen in (11), this markedness constraint prefers (11a) to (11b), and as a  
result, an attested (desired) candidate is selected as optimal in (11). 
 The analysis presented in (12) examines the same case as in (11), but in (12), the input 
configuration is different: 
 
(12) Intervocalic Voiceless Fricative 2 
/pasɨ/ *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) pas[s.g.]ɨ    * 
b) pasɨ   *!  
c) paz[voi]ɨ  *! *!  
d) paz[voi, s.g.]ɨ *(!) *(!)  * 
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predicts the attested Turkish patterns and selects the form with correct laryngeal configuration. 
 This section is divided into three subsections; in Section 3.1, I present an OT analysis of 
the final fricative case and the intervocalic fricative case. Section 3.2. presents a summary of the 
discussion in Section 3.1, and in Section 3.2, I compare two different approaches to dealing with the 
case of two adjacent fricatives; I present an analysis with voice assimilation and one with active 
coda devoicing to determine which of these two different approaches better captures attested 
fricative behaviors in Turkish. 
 
3.1. The Phonological Status of Turkish Fricatives 
 In laying out an OT analysis of the data, I assume the following constraints, presented in 
(6) through (9), to be active in the grammar: 
 
(6) IDENT [VOICE] (McCarthy and Prince 1995) 
 An input segment and its output correspondent have the same specification for [voice]. 
(7) IDENT [S.G.] (McCarthy and Prince 1995) 
An input segment and its output correspondent have the same specification for [spread 
glottis] ([s.g.]). 
The constraints presented in (6) and (7) are faithfulness constraints that militate against the change 
between an input segment and an output segment; (6) is violated when the underlying [voice] 
feature of an input segment is not maintained in its output correspondent, or an output segment is 
specified as [voice] when its input correspondent is not specified as [voice]. Likewise, (7) is 
violated when input and output correspondents are not identical in the [s.g.] feature. 
 (8) and (9) are markedness constraints that prohibit certain output configurations: 
 
(8) *VOI/S.G. (Davis and Cho 2003, Beckman et al. 2009) 
 Voiced spread glottis segments are prohibited. 
(9) FRIC-[S.G.] (Vaux 1998, Beckman et al. 2009) 
 Fricatives are [spread glottis]. 
 
(8) is violated when a candidate contains a segment that is simultaneously specified as [voice, s.g.]. 
(9) is incurred when a fricative, both voiced and voiceless, is not specified as [s.g.].  
The analysis presented in (10) shows the interaction of the constraints introduced thus far: 
 
(10) Word-Final Voiced Fricative 
/tuz[voi]/ *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) tuz[voi]   *  
b) tus[s.g.]  *!  * 
c) tus  *! *  
d)tuz[voi, s.g.] *!   * 
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In (10), the case of word-final fricatives is analyzed; candidate (10d) is excluded from the 
competition because of the high-ranked markedness constraint. *VOI/S.G.; the word-final fricative 
in this candidate is specified as [voi] and [s.g.] simultaneously. Candidates (10b) and (10c) lose 
because of the faithfulness constraint for voicing specification; in the input, the final fricative is 
specified as [voice], but in these candidates, the [voice] specification of the input segment is not 
faithfully maintained in the output. As a result, (10a), a candidate with a word-final [voice] fricative 
(but lacking the feature [s.g.]) is selected as optimal. (10) shows that both *VOI/S.G and  IDENT 
[VOI] need to dominate FRIC-[S.G.]. 
(11) shows the analysis of a case of intervocalic fricative. In (11), the fricative in the input 
is specified as [s.g.]: 
 
(11) Intervocalic Voiceless Fricative I 
/pas[s.g.]ɨ / *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) pas[s.g.]ɨ     
b) pasɨ   *! * 
c) paz[voi]ɨ  *!  * 
d) paz[voi, s.g.]ɨ *(!) *(!)   
 
(11) shows that the established ranking, *VOI/S.G, IDENT [VOI] >> FRIC-[S.G.] correctly predicts the 
attested form; candidate (11d) is ruled out either by the markedness constraint against a [voice, s.g.] 
segment or by the faithfulness constraint for voicing. (11c) is also excluded by the faithfulness 
constraint for voicing. 
 The remaining candidates are (11a) and (11b), and the difference between these two 
candidates is that the voiceless fricative in (11a) is specified as [s.g.], while the voiceless fricative in 
(11b) lacks this feature. As discussed, unlike in German, it is not necessary to assume a series of 
fricatives that undergo phonetic passive voicing (and thus, lack the feature [s.g.]) in Turkish. Thus, 
in (11), the role of the markedness constraint FRIC-[S.G.] is crucial in excluding a candidate with an 
unattested fricative; as seen in (11), this markedness constraint prefers (11a) to (11b), and as a  
result, an attested (desired) candidate is selected as optimal in (11). 
 The analysis presented in (12) examines the same case as in (11), but in (12), the input 
configuration is different: 
 
(12) Intervocalic Voiceless Fricative 2 
/pasɨ/ *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) pas[s.g.]ɨ    * 
b) pasɨ   *!  
c) paz[voi]ɨ  *! *!  
d) paz[voi, s.g.]ɨ *(!) *(!)  * 
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In (12), the intervocalic fricative in the input is not specified as [s.g.]. Candidate (12b) is fully 
faithful to the input, but this candidate loses because of FRIC-[S.G.] in the same way as (11b) loses in 
the competition in (11). The analysis presented in (12) shows that the ranking, FRIC-[S.G.] >> IDENT 
[S.G.], correctly predicts an attested (desired) candidate with a voiceless [s.g.] fricative when the 
input contains a voiceless fricative without the feature [s.g.]. 
 
3.2. Interim Summary 
 The ranking arguments obtained thus far are summarized in (13): 
 
(13) Ranking Lattice 
   *VOI/S.G. IDENT [VOI] 
 
    FRIC-[S.G.] 
          | 
    IDENT [S.G.] 
 
In Turkish, the voicing contrast of word-final fricatives is not neutralized, and in the OT analysis 
presented thus far, this can be achieved by the ranking, IDENT [VOI] >> FRIC-[S.G.]; this ranking 
maintains the input [voice] feature is present in the output, and thus ensures that underlying voiced 
fricatives surface faithfully as [voiced] in the output. 
 As discussed, no passing voicing of voiceless fricatives is observed in Turkish; unattested 
series of fricatives, which undergo phonetic passive voicing, can be blocked by the ranking, 
FRIC-[S.G.] >> IDENT [S.G.]. As seen in (10), this established ranking is crucial, especially when an 
input contains a voiceless fricative but without the feature [s.g.]; the ranking, FRIC-[S.G.] >> IDENT 
[S.G.], enforces an input voiceless fricative without [s.g.] to surface as a voiceless [s.g.] fricative but 
at the expense of violating the faithfulness constraint for the feature [s.g.], so that a desired 
candidate may be selected as optimal. 
 
3.3. Cases of Two Adjacent Fricatives 
 Thus far, we have examined the cases in which an input segment surfaces faithfully in the 
output. In this section, we examine the case of voicing assimilation, and consider cases of 
alternation (that is, cases in which an input segment does not faithfully surface in the output). 
 It is well known that Turkish is a language with voicing assimilation of obstruents (see 
Inkelas, Sharon and Orhan Orgun 1995, Kornfilt 1997, Kallestinova 2004, Sasa 2014b etc.), and 
two adjacent obstruents agree in voicing specification. In voice assimilation, the behavior of 
fricatives cannot be straightforwardly captured in Turkish (cf. Sasa 2014b), but as seen in (2) in 
Section 2, in one of the patterns, a(n) (underlying) voiced fricative surfaces as voiceless when 
followed by another fricative that is voiceless. 
 One might ask, given the fact that a voiced fricative devoices in cases as in (2), whether 
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this pattern is treated as voice assimilation (that is, a mechanism that forces two adjacent obstruents 
to agree in voicing) or as a process of coda devoicing (that is, a mechanism that directly prohibits 
voiced obstruents in a coda position). In this section, I examine both approaches and show that an 
analysis assuming voice assimilation, rather than an analysis with active coda devoicing, better 
captures the Turkish facts. I demonstrate that an analysis with active coda devoicing successfully 
accounts for the alternating/assimilation pattern, but such an analysis fails to account for other 
attested patterns in Turkish. 
 First, I investigate one of the possibilities, namely, the voice assimilation analysis. In 
order to lay out an analysis of voice assimilation, the additional constraint presented in (14) is 
necessary to guarantee that two adjacent obstruents agree in voicing: 
 
(14) AGREE [VOI] (Petrova et al. 2006) 
 Adjacent obstruents agree in the [voice] specification. 
 
The markedness constraint in (14) is violated when two adjacent obstruents exhibit different 
specifications for voicing. 
 Tableau (15) presents the analysis assuming the constraint in (14), along with other 
constraints introduced in the previous sections. 
 
(15) Two Fricatives: with AGREE [VOICE] 
/deniz[voi]-s[s.g.]iz/ AGR[VOI] *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) denis[s.g.]-s[s.g.]iz   * * * 
b) deniz[voi]-s[s.g.]iz *!   **  
c) deniz[voi]-z[voi]iz   * **!* * 
d) denis-siz   * **!* * 
 
 In (15), candidates (15c) and (15d) lose because of FRIC-[S.G.]. Candidate (15a), the 
actual or desired candidate, is worse than (15b) under the faithfulness constraint for voicing, but the 
high-ranked agreement constraint favors (15a) over (15b). The analysis presented in (15) shows that 
with the addition of the agreement constraint, if ranked higher than the rest of the introduced 
constraints, the established system, or ranking from previous sections, successfully predicts the 
attested (desired) candidate in the case where an input segment unfaithfully surfaces in the output. 
 One might ask, when he/she observes the fact that in (15) an underlying voiced fricative 
devoices in a coda position in the actual form, whether this pattern can be treated as a system with 
active coda devoicing. (if, for (15a), the syllabification is assumed to be [de.nis.siz.]; a dot (.) 
indicates a syllable boundary.) In order to investigate this possibility, let us now consider the 
analysis with active coda devoicing. In such an analysis, the markedness constraint presented in (16) 
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In (12), the intervocalic fricative in the input is not specified as [s.g.]. Candidate (12b) is fully 
faithful to the input, but this candidate loses because of FRIC-[S.G.] in the same way as (11b) loses in 
the competition in (11). The analysis presented in (12) shows that the ranking, FRIC-[S.G.] >> IDENT 
[S.G.], correctly predicts an attested (desired) candidate with a voiceless [s.g.] fricative when the 
input contains a voiceless fricative without the feature [s.g.]. 
 
3.2. Interim Summary 
 The ranking arguments obtained thus far are summarized in (13): 
 
(13) Ranking Lattice 
   *VOI/S.G. IDENT [VOI] 
 
    FRIC-[S.G.] 
          | 
    IDENT [S.G.] 
 
In Turkish, the voicing contrast of word-final fricatives is not neutralized, and in the OT analysis 
presented thus far, this can be achieved by the ranking, IDENT [VOI] >> FRIC-[S.G.]; this ranking 
maintains the input [voice] feature is present in the output, and thus ensures that underlying voiced 
fricatives surface faithfully as [voiced] in the output. 
 As discussed, no passing voicing of voiceless fricatives is observed in Turkish; unattested 
series of fricatives, which undergo phonetic passive voicing, can be blocked by the ranking, 
FRIC-[S.G.] >> IDENT [S.G.]. As seen in (10), this established ranking is crucial, especially when an 
input contains a voiceless fricative but without the feature [s.g.]; the ranking, FRIC-[S.G.] >> IDENT 
[S.G.], enforces an input voiceless fricative without [s.g.] to surface as a voiceless [s.g.] fricative but 
at the expense of violating the faithfulness constraint for the feature [s.g.], so that a desired 
candidate may be selected as optimal. 
 
3.3. Cases of Two Adjacent Fricatives 
 Thus far, we have examined the cases in which an input segment surfaces faithfully in the 
output. In this section, we examine the case of voicing assimilation, and consider cases of 
alternation (that is, cases in which an input segment does not faithfully surface in the output). 
 It is well known that Turkish is a language with voicing assimilation of obstruents (see 
Inkelas, Sharon and Orhan Orgun 1995, Kornfilt 1997, Kallestinova 2004, Sasa 2014b etc.), and 
two adjacent obstruents agree in voicing specification. In voice assimilation, the behavior of 
fricatives cannot be straightforwardly captured in Turkish (cf. Sasa 2014b), but as seen in (2) in 
Section 2, in one of the patterns, a(n) (underlying) voiced fricative surfaces as voiceless when 
followed by another fricative that is voiceless. 
 One might ask, given the fact that a voiced fricative devoices in cases as in (2), whether 
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this pattern is treated as voice assimilation (that is, a mechanism that forces two adjacent obstruents 
to agree in voicing) or as a process of coda devoicing (that is, a mechanism that directly prohibits 
voiced obstruents in a coda position). In this section, I examine both approaches and show that an 
analysis assuming voice assimilation, rather than an analysis with active coda devoicing, better 
captures the Turkish facts. I demonstrate that an analysis with active coda devoicing successfully 
accounts for the alternating/assimilation pattern, but such an analysis fails to account for other 
attested patterns in Turkish. 
 First, I investigate one of the possibilities, namely, the voice assimilation analysis. In 
order to lay out an analysis of voice assimilation, the additional constraint presented in (14) is 
necessary to guarantee that two adjacent obstruents agree in voicing: 
 
(14) AGREE [VOI] (Petrova et al. 2006) 
 Adjacent obstruents agree in the [voice] specification. 
 
The markedness constraint in (14) is violated when two adjacent obstruents exhibit different 
specifications for voicing. 
 Tableau (15) presents the analysis assuming the constraint in (14), along with other 
constraints introduced in the previous sections. 
 
(15) Two Fricatives: with AGREE [VOICE] 
/deniz[voi]-s[s.g.]iz/ AGR[VOI] *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) denis[s.g.]-s[s.g.]iz   * * * 
b) deniz[voi]-s[s.g.]iz *!   **  
c) deniz[voi]-z[voi]iz   * **!* * 
d) denis-siz   * **!* * 
 
 In (15), candidates (15c) and (15d) lose because of FRIC-[S.G.]. Candidate (15a), the 
actual or desired candidate, is worse than (15b) under the faithfulness constraint for voicing, but the 
high-ranked agreement constraint favors (15a) over (15b). The analysis presented in (15) shows that 
with the addition of the agreement constraint, if ranked higher than the rest of the introduced 
constraints, the established system, or ranking from previous sections, successfully predicts the 
attested (desired) candidate in the case where an input segment unfaithfully surfaces in the output. 
 One might ask, when he/she observes the fact that in (15) an underlying voiced fricative 
devoices in a coda position in the actual form, whether this pattern can be treated as a system with 
active coda devoicing. (if, for (15a), the syllabification is assumed to be [de.nis.siz.]; a dot (.) 
indicates a syllable boundary.) In order to investigate this possibility, let us now consider the 
analysis with active coda devoicing. In such an analysis, the markedness constraint presented in (16) 
is assumed to be active, or in OT terms, is assumed to be high(-er)-ranked in the grammar. 
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(16) *VOICE CODA (Ito and Mester 1998, as cited in Beckman et al. 2009) 
 Voiced obstruents are prohibited in codas. 
 
The role of (16) is to directly prohibit voiced coda obstruents by assigning violations to any voiced 
coda obstruent. 
 Tableau (17) shows the analysis of a case with two adjacent fricative case with the 
markedness constraint in (16). (17) shows that this alternating pattern can be treated through a 
mechanism of coda devoicing (that is, a system/mechanism that directly prohibits voiced coda 
obstruents); in (17), a dot (.) indicates a syllable boundary. 
 
(17) Two Fricatives: with *VOICE CODA 
/deniz[voi]-s[s.g.]iz/ *VOICODA *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) de.nis[s.g.].-s[s.g.]iz. *  *  * 
b) de.niz[voi].-s[s.g.]iz. **!   *  
c) deniz[voi].-z[voi]iz. **!  * ** * 
d) de.nis.-siz. *  * *!* * 
 
In (17), candidate (17c) loses because of *VOICODA since this candidate contains two 
voiced coda fricatives. *VOICODA is also active in excluding a candidate in which two adjacent 
obstruents differ in voicing; (17b) contains a voiced fricative directly preceding another fricative 
that is voiceless in coda, and, as a result, the two adjacent fricatives do not agree in voicing. This 
candidate is excluded from the competition by *VOICODA, which is violated twice by (17b). The 
remaining candidates are (17a) and (17d), and FRIC-[S.G.] prefers (17a), in the which voiceless 
fricatives are specified as [s.g.]. (17) shows that the markedness constraint targeting voiced coda 
obstruents needs to dominate the faithfulness constraint for voicing: *VOICODA >> IDENT [VOI]. 
 However, the ranking obtained from (17) is problematic when other attested Turkish 
patters are in question. This problem is illustrated in (18); in (18), a case with a word-final (voiced) 
fricative is examined, and as seen in (18), a candidate with final-devoicing of a fricative is wrongly 
predicted by *VOICODA. 
  
(18)  *VOICE CODA Prefers Final Devoicing 
/tuz[voi]/ *VOICODA *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) tuz[voi] *!   *  
b) tus[s.g.]   *  * 
c) tuz[voi, s.g.] *! *   * 
d) tus   * *!  
 
In (18), the frowny face designates an actual form that fails in the competition; the bomb designates 
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a candidate that is wrongly selected as optimal. 
 In (18), candidates with a final voiced fricative fail because of the *VOICODA constraint; 
both (18a) and (18c) contain a voiced fricative in the coda, which causes a violation for *VOICODA. 
Then, the competition goes down to FRIC-[S.G.], and this markedness constraint prefers candidate 
(18b) with coda (word-final) devoicing. However, this is not what is observed in Turkish; as seen in 
Section 2, in Turkish, the voicing contrast of word-final fricatives is maintained, and underlying 
voiced fricatives always surface as voiced. Thus, we can observe from (18) that an analysis based 
on *VOICODA fails to predict the attested pattern when the behavior of word-final fricatives is 
examined.  
One might point out that this problem can be resolved if IDENT [VOI] dominates *VOICODA. 
However, as discussed in (15), the ranking, *VOICODA >> IDENT [VOI] is crucial in accounting for 
the devoicing case, and thus, such a ranking cannot be established. Thus, if an active mechanism of 
coda devoicing is assumed in Turkish, we encounter ranking paradox. 
 It is true that such cases as in (17) seem to be treated as a process of coda devoicing, 
which directly prohibits voiced coda obstruents. In fact, an analysis with coda devoicing (i.e. a 
system or mechanism that directly bans voiced coda obstruents) can successfully account for the 
cases in which devoicing of a voiced fricative is observed. However, an analysis with coda 
devoicing makes a wrong prediction if an input voiced fricative faithfully surfaces in the output, as 
observed in (18).  Thus, we can conclude that a case such as in (17), where an input voiced 
fricative surfaces as voiceless before another voiceless fricative, is better treated as voicing 
assimilation, or through a mechanism enforcing adjacent obstruents to agree in voicing, rather than 
a mechanism with an active *VOICODA constraint in Turkish. 
  
4. Discussion and Concluding Remarks 
4.1. Does Coda Devoicing Exist? 
 As discussed in the previous section, in Turkish, it is not possible to assume an active 
coda devoicing process; as seen in (15), in which an underlying voiced fricative devoices can be 
treated through a mechanism of voice assimilation. Moreover, if coda devoicing is assumed to be 
active in the grammar, such a system makes a wrong prediction when the case with word-final 
(voiced) fricatives are considered. 
 The facts presented in this article lead us to the question, “Does active coda devoicing 
play any role in Turkish?” Or, even “Are there any languages in which the (active) process of coda 
devoicing plays an active role?” The arguments presented in this article and in Sasa (2014b) suggest 
that there is no room in Turkish for active coda devoicing to play any significant roles in 
constructing phonological analyses of fricatives; the devoicing case discussed in this article can be 
accounted for through the process of voice assimilation. In addition, Sasa (2014b) proposes that 
what seems to be coda devoicing can be attributed to positional faithfulness (Beckman 1998) effects 
in Turkish. These observations lead us to the conclusion that Turkish is not a language with coda 
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(16) *VOICE CODA (Ito and Mester 1998, as cited in Beckman et al. 2009) 
 Voiced obstruents are prohibited in codas. 
 
The role of (16) is to directly prohibit voiced coda obstruents by assigning violations to any voiced 
coda obstruent. 
 Tableau (17) shows the analysis of a case with two adjacent fricative case with the 
markedness constraint in (16). (17) shows that this alternating pattern can be treated through a 
mechanism of coda devoicing (that is, a system/mechanism that directly prohibits voiced coda 
obstruents); in (17), a dot (.) indicates a syllable boundary. 
 
(17) Two Fricatives: with *VOICE CODA 
/deniz[voi]-s[s.g.]iz/ *VOICODA *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) de.nis[s.g.].-s[s.g.]iz. *  *  * 
b) de.niz[voi].-s[s.g.]iz. **!   *  
c) deniz[voi].-z[voi]iz. **!  * ** * 
d) de.nis.-siz. *  * *!* * 
 
In (17), candidate (17c) loses because of *VOICODA since this candidate contains two 
voiced coda fricatives. *VOICODA is also active in excluding a candidate in which two adjacent 
obstruents differ in voicing; (17b) contains a voiced fricative directly preceding another fricative 
that is voiceless in coda, and, as a result, the two adjacent fricatives do not agree in voicing. This 
candidate is excluded from the competition by *VOICODA, which is violated twice by (17b). The 
remaining candidates are (17a) and (17d), and FRIC-[S.G.] prefers (17a), in the which voiceless 
fricatives are specified as [s.g.]. (17) shows that the markedness constraint targeting voiced coda 
obstruents needs to dominate the faithfulness constraint for voicing: *VOICODA >> IDENT [VOI]. 
 However, the ranking obtained from (17) is problematic when other attested Turkish 
patters are in question. This problem is illustrated in (18); in (18), a case with a word-final (voiced) 
fricative is examined, and as seen in (18), a candidate with final-devoicing of a fricative is wrongly 
predicted by *VOICODA. 
  
(18)  *VOICE CODA Prefers Final Devoicing 
/tuz[voi]/ *VOICODA *VOI/S.G. IDENT [VOI] FRIC-[S.G.] IDENT [S.G.] 
a) tuz[voi] *!   *  
b) tus[s.g.]   *  * 
c) tuz[voi, s.g.] *! *   * 
d) tus   * *!  
 
In (18), the frowny face designates an actual form that fails in the competition; the bomb designates 
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a candidate that is wrongly selected as optimal. 
 In (18), candidates with a final voiced fricative fail because of the *VOICODA constraint; 
both (18a) and (18c) contain a voiced fricative in the coda, which causes a violation for *VOICODA. 
Then, the competition goes down to FRIC-[S.G.], and this markedness constraint prefers candidate 
(18b) with coda (word-final) devoicing. However, this is not what is observed in Turkish; as seen in 
Section 2, in Turkish, the voicing contrast of word-final fricatives is maintained, and underlying 
voiced fricatives always surface as voiced. Thus, we can observe from (18) that an analysis based 
on *VOICODA fails to predict the attested pattern when the behavior of word-final fricatives is 
examined.  
One might point out that this problem can be resolved if IDENT [VOI] dominates *VOICODA. 
However, as discussed in (15), the ranking, *VOICODA >> IDENT [VOI] is crucial in accounting for 
the devoicing case, and thus, such a ranking cannot be established. Thus, if an active mechanism of 
coda devoicing is assumed in Turkish, we encounter ranking paradox. 
 It is true that such cases as in (17) seem to be treated as a process of coda devoicing, 
which directly prohibits voiced coda obstruents. In fact, an analysis with coda devoicing (i.e. a 
system or mechanism that directly bans voiced coda obstruents) can successfully account for the 
cases in which devoicing of a voiced fricative is observed. However, an analysis with coda 
devoicing makes a wrong prediction if an input voiced fricative faithfully surfaces in the output, as 
observed in (18).  Thus, we can conclude that a case such as in (17), where an input voiced 
fricative surfaces as voiceless before another voiceless fricative, is better treated as voicing 
assimilation, or through a mechanism enforcing adjacent obstruents to agree in voicing, rather than 
a mechanism with an active *VOICODA constraint in Turkish. 
  
4. Discussion and Concluding Remarks 
4.1. Does Coda Devoicing Exist? 
 As discussed in the previous section, in Turkish, it is not possible to assume an active 
coda devoicing process; as seen in (15), in which an underlying voiced fricative devoices can be 
treated through a mechanism of voice assimilation. Moreover, if coda devoicing is assumed to be 
active in the grammar, such a system makes a wrong prediction when the case with word-final 
(voiced) fricatives are considered. 
 The facts presented in this article lead us to the question, “Does active coda devoicing 
play any role in Turkish?” Or, even “Are there any languages in which the (active) process of coda 
devoicing plays an active role?” The arguments presented in this article and in Sasa (2014b) suggest 
that there is no room in Turkish for active coda devoicing to play any significant roles in 
constructing phonological analyses of fricatives; the devoicing case discussed in this article can be 
accounted for through the process of voice assimilation. In addition, Sasa (2014b) proposes that 
what seems to be coda devoicing can be attributed to positional faithfulness (Beckman 1998) effects 
in Turkish. These observations lead us to the conclusion that Turkish is not a language with coda 
devoicing, or to say the least, coda devoicing does not play any significant roles in Turkish 
phonology. 
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 Then, does this further suggest that it is not necessary to assume coda devoicing as part of 
the grammar in any language? Needless to say, providing a definite answer to such a big question is 
beyond the scope of this article, but Beckman and Ringen (2008) and Beckman et al. (2009) suggest 
that what seems to be coda devoicing may be attributed to the effects of positional faithfulness: that 
is, permitting voiced obstruents only in privileged positions, while banning voiced obstruents in any 
other position (rather than directly targeting coda obstruents). Again, it is premature, with this small 
amount of data and case studies, to draw any definitive conclusion with regard to the existence of 
coda devoicing. However, the data and analyses presented in this article provide support to the 
assumption that there are no languages with active coda devoicing. Or, at the least, the arguments 
presented in this article provide support to the claim made by Beckman and Ringen (2008) and by 
Beckman et al. (2009). 
 
4.2. Concluding Remarks 
 In this article, I have proposed OT analyses to appropriately categorize Turkish fricatives 
phonologically based on the phonetic facts, and to predict the behavior of attested fricative 
sufficiently. I have also demonstrated that it is unnecessary to assume coda devoicing to be an active 
component of the grammar of Turkish. The analyses presented in this article correctly capture the 
behavior of fricatives in Turkish, but one might ask whether they can be extended to accounting for 
the behaviors of stops in Turkish. 
 For example, I have presented an analysis for the case in which two adjacent fricatives 
agree in voicing. The question is if the same system would work for the case of two adjacent stops, 
or for the case of adjacent stops and fricatives. In addition, as mentioned above, in order to make the 
claim about coda devoicing stronger, more data need to be examined, and this definitely includes 
the examination of the data concerning stops. 
 Not to mention, it is not safe to make any generalization out of small amount of data or 
with limited number of case studies. Nonetheless, data and analyses presented in this section are 
promising as a staring point to lay out a more comprehensive analysis of Turkish, and to make a 
cross-linguistic claim about coda devoicing. 
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 Then, does this further suggest that it is not necessary to assume coda devoicing as part of 
the grammar in any language? Needless to say, providing a definite answer to such a big question is 
beyond the scope of this article, but Beckman and Ringen (2008) and Beckman et al. (2009) suggest 
that what seems to be coda devoicing may be attributed to the effects of positional faithfulness: that 
is, permitting voiced obstruents only in privileged positions, while banning voiced obstruents in any 
other position (rather than directly targeting coda obstruents). Again, it is premature, with this small 
amount of data and case studies, to draw any definitive conclusion with regard to the existence of 
coda devoicing. However, the data and analyses presented in this article provide support to the 
assumption that there are no languages with active coda devoicing. Or, at the least, the arguments 
presented in this article provide support to the claim made by Beckman and Ringen (2008) and by 
Beckman et al. (2009). 
 
4.2. Concluding Remarks 
 In this article, I have proposed OT analyses to appropriately categorize Turkish fricatives 
phonologically based on the phonetic facts, and to predict the behavior of attested fricative 
sufficiently. I have also demonstrated that it is unnecessary to assume coda devoicing to be an active 
component of the grammar of Turkish. The analyses presented in this article correctly capture the 
behavior of fricatives in Turkish, but one might ask whether they can be extended to accounting for 
the behaviors of stops in Turkish. 
 For example, I have presented an analysis for the case in which two adjacent fricatives 
agree in voicing. The question is if the same system would work for the case of two adjacent stops, 
or for the case of adjacent stops and fricatives. In addition, as mentioned above, in order to make the 
claim about coda devoicing stronger, more data need to be examined, and this definitely includes 
the examination of the data concerning stops. 
 Not to mention, it is not safe to make any generalization out of small amount of data or 
with limited number of case studies. Nonetheless, data and analyses presented in this section are 
promising as a staring point to lay out a more comprehensive analysis of Turkish, and to make a 
cross-linguistic claim about coda devoicing. 
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